T he autonomous generation of phenotypic diversity in embryonic cell populations can be explained by Waddington's landscape. The landscape proposes that intra-and inter-cellular interactions mediate the generation of cellular diversity. Recently, we implemented, in a population of Escherichia coli, a synthetic diversification, which is governed by inter-cellular signaling mediated by acyl-homoserine lactone (AHL). The cells with the diversity generator diversified into two distinct cell states, "high" and "low," if all of the cells started from the low state. The ratio of the states after the diversification was affected by the velocity of autonomous signal accumulation, which depends on the cell density and the AHL production rate of individual cells. The dependency of the ratio on the initial cell density is reminiscent of the community effect, which is observed in animal development and is important for ES-cell differentiation. Therefore, it is worthwhile reviewing the roles of natural animal gene networks with similar topologies to the diversity generator design. The diversity generator design will also be the basis for a tool to direct cell fates on the population level in tissue engineering. Here, we discuss the tunability of the ratio of cell states by our synthetic circuit design.
Autonomous generation of phenotypic diversity in a cell population plays a key role for the development and regeneration processes in multi-cellular organisms. The diversification is conceptually described as the motion of marbles rolling down Waddington's landscape. 1 In the landscape, bifurcation, which is the change of the number of stable states, occurs as development proceeds. In contrast to the simple concept of the landscape, which can interpret the dynamic phenotypic changes in natural phenotypic diversification from bacteria to mammalian cells, 2 the underlying design principles of the diversification, which is regulated by complex networks of biomolecules, are not fully understood, although enormous individual molecules and their interactions are elucidated. Emulating complex biological phenomena with simple and well-characterized synthetic circuits is an efficient approach to investigate the underlying design principles of natural gene networks that give rise to these phenomena. [3] [4] [5] [6] Recently, using a synthetic genetic circuit named diversity generator in an Escherichia coli population, we achieved synthetic phenotypic diversification, 7 in which the cells diversify analogously to the motion of marbles rolling down Waddington's landscape, mediated by inter-cellular signaling. The diversity generator designed the integration of the mutual inhibitory structure from the genetic toggle switch 8 and an inter-cellular signaling system from Vibriro fischeri (Fig. 1) . The cells with the diversity generator diversified into two distinct cell states, the high and low states, when the cells were initialized to the low state. Here, we defined the high state as the state where the productions of LacI and AHL production enzyme LuxI are dominant, and the low state as that where the production of CIts is dominant.
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We experimentally showed that the proportion of the low state cells after the diversification depended on the initial cell density and the AHL production rate, which is modulated by the mutation of luxI gene. 9 The dependency on the cell density is reminiscent of the community effect, 10 which is the experimentally observed dependency of cell fates on the number of cells in developmental systems, and a similar dependency has also been observed in the regulation of ES-cell differentiation.
11-13 Therefore, our synthetic diversification achieved by a simple circuit can be a model system to investigate the dynamics of diversifications in development and regeneration.
The design of the diversity generator also has the potential to provide a tool for directing cell fates in tissue engineering because the final proportion of the low state cells with the diversity generator can be tuned by two kinds of modulation: the initial cell density and the AHL production rate. In the context of the application to tissue engineering, the tunability of the proportion of cell states is an important parameter. The proportion is not very sensitive to the initial cell density, so we can fine-tune the proportion. However, the initial cell density is limited in a healthy condition, thereby preventing us from selecting a wide range of proportions. On the other hand, because of the high sensitivity to the AHL synthesis rate, we can tune the proportion roughly by the modulation of the rate. Therefore, by the integration of the two kinds of modulation, we can fine-tune the proportion in a wide range.
There will be many challenges before we can apply the diversity generator design to mammalian cells. However, the finetunability of the proportion encourages us to use the design for tissue engineering for the reconstruction of organs where multiple cell states exist, and the ratio of the states is important for the function. 
